Background: Peritoneal metastases of gastric cancer are usually detected using imaging, However, the results of imaging modalities are not always reliable; therefore, the prediction of prognosis based on these findings is therefore inaccurate. As visceral obesity has been identified as a potential risk factor for cancer, the present study aimed to evaluate the predictive value of visceral fat area (VFA), a representative marker of visceral obesity, for peritoneal metastasis in patients with gastric cancer and to construct a reliable preoperative prediction system for peritoneal metastasis. Patients and methods: We enrolled 859 patients with gastric cancer. The VFA and other objective clinical tumor characteristics were evaluated using receiver operating characteristic (ROC) curves. Independent predictors of peritoneal metastasis were determined using logistic regression analysis; a prediction system was also evaluated using ROC curves. Results: The ROC curves indicated a VFA cutoff value of 91.00 cm 2 as predictive of peritoneal metastasis. On logistic regression, visceral obesity (VFA ≥91.00 cm 2 ) was identified as an independent predictor of peritoneal metastasis, with an area under the ROC curve of 0.659; the platelet-to-lymphocyte ratio (PLR), invasion depth, and vascular invasion were also identified as independent predictors. On integrating these predictors into a single prediction system, peritoneal metastases were more reliably predicted (area under the ROC curve=0.779). Conclusions: Visceral obesity, as defined by the VFA, effectively predicted peritoneal metastases in our cohort. Our scoring system may be a reliable instrument for identifying patients with peritoneal metastasis.
Introduction
Gastric cancer (GC) is the fourth most common cancer worldwide, and the fourth and second most common cause of cancer-related mortality in the world 1 and China, 2 respectively. Peritoneal metastasis is common in GC, and contributes to poor prognosis; it is therefore an indispensable indicator of prognosis. 3, 4 A previous study demonstrated that peritoneal metastases accounted for 50% of all GC-related deaths. 4 The occurrence of peritoneal metastasis also influences treatment options, usually making complete resections (R0) less feasible. Neoadjuvant chemotherapy 5 and conversion therapy 6 is usually more suitable for these patients.
Currently, peritoneal metastases are usually detected using imaging techniques such as ultrasonography and computed tomography (CT). However, peritoneal metastases may be undetectable, and therefore these imaging modalities do not always provide reliable diagnoses or accurate prognostic predictions. Although positron emission tomography (PET)-CT has a higher predictive value in diagnosing peritoneal metastasis compared to ultrasonography and CT, 7, 8 the high associated costs greatly limit its use. Therefore, accurate and affordable diagnostic methods are urgently needed. Obesity, a risk factor for many different human cancers including those of the breast, 9 colon 10 and other sites; 11 it is reaching epidemic proportions in the United States, 12 where it affects more than one third of the population. Obesity has increasingly attracted attention in the medical field, owing to a higher risk of postoperative complications in this population. Additionally, hypertrophied adipose tissue deposits in obese patients were found to secrete adipokines and cytokines, which promote adhesions, and migration and invasion of tumor cells. 13 Visceral obesity (VO), defined as a high visceral fat area (VFA), is an indicator of obesity, and has been demonstrated to be more strongly associated with incisional hernia after colorectal surgery than an elevated body mass index (BMI). 14 We had demonstrated in a previous study that the VFA was a better predictor of postsurgical gastroparesis syndrome compared to BMI. 15 Therefore, we hypothesized that the VFA may also be a useful indicator of the risk of peritoneal metastasis. In this study, we aimed to determine the relationship between the incidence of peritoneal metastases from GC and VFA. We also aimed to construct a more useful scoring system based on independent associated factors that would improve the accuracy of preoperative diagnoses of peritoneal metastases. 
Patients and methods Patients

Diagnosis of peritoneal metastasis
Peritoneal metastases were diagnosed according to the criteria of the Japanese Gastric Cancer Treatment Guidelines (15th edition). 16 According to this guideline, metastases limited to the greater and lesser omentum, anterior lobe of the transverse mesocolon, pancreatic capsule, spleen, and to the upper abdominal peritoneum (visceral peritoneum above the transverse plane and parietal peritoneum above the umbilicus) are considered to be peritoneal metastases. Peritoneal metastases were diagnosed from intraoperative frozen sections and postoperative diagnostic pathology.
Measurement of VFA
Preoperatively, all patients underwent CT of the whole abdomen. The VFA was calculated with an accuracy of 99% by measuring the total abdominal fat area in a crosssection at the level of the umbilicus. The Hounsfield scale was used to distinguish adipose tissue from other tissues. In this study, adipose tissue was defined to be within the range of −140 to −50 Hounsfield units (HU). The total fat area was calculated using a dedicated processing system (version 3.0.11.3, BN17 32-bit; INFINITT Healthcare Co., Ltd., Seoul, South Korea).
Cutoff point for VFA
We determined the cutoff point for VFA as the maximal Youden index value on the receiver operating characteristics (ROC) curve. Patients were then divided into two groups based on this cutoff point, namely, the VO and control groups.
Statistical analysis
The Kolmogorov-Smirnov test was performed to assess the distribution equality of the continuous parameters. The normally distributed data are presented as means ± standard deviations, whereas non-normally distributed data are presented as medians and interquartile ranges (IQRs). On univariate analyses, the independent t-and MannWhitney U-tests were used to analyze inter-group differences among continuous variables, while the chi-square and Fisher's exact tests were applied to categorical variables. Based on the results of these univariate analyses, a multivariate logistic regression analysis was performed to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) of the independent variables. The area under the ROC curve (AUC) was used to compare the accuracy of our scoring system with that of the individual clinicopathologic characteristics. P-values <0.05 were considered statistically significant. All statistical analyses were performed using the SPSS software package (version 22.0; SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics
As imaging data was available for all the 859 patients treated, they were all enrolled in the study. As shown in Table 1 ), respectively. The tumors were located in the antrum in a majority of patients (n=579, 67.4%). Lymphatic and vascular invasion was noted in 508 and 337 patients, respectively. A large proportion of patients (n=671, 78.1%) had a differentiated tumor on histopathology, and 87 patients had detectable peritoneal metastases.
Preoperative characteristics
As shown in Figure 1 and Table 2 , compared to those without peritoneal metastases, patients with peritoneal metastases from GC had a significantly higher PLR (P<0.001) and VFA (P<0.001) and significantly lower neutrophil-to-lymphocyte ratio (NLR) (P=0.001). These two groups did not differ significantly in terms of age and BMI. An analysis of the AUCs yielded high values for PLR (0.610, 95% CI =0.551-0.669), VFA (0.659, 95% CI =0.604-0.714), and NLR (0.591, 95% CI =0.528-0.654), indicating that these factors are individually powerful predictors of peritoneal metastasis ( Figure 2A ).
Correlation of clinicopathologic characteristics with VO
From the ROC curve analysis, the VFA cutoff value for peritoneal metastasis was determined to be 91.00 cm 2 ( Figure 2A) , with a sensitivity and specificity of 70.1% and 60.7%, respectively. Using this cutoff value, 374 (43.5%) patients were classified as viscerally obese (VFA ≥91.00 cm/m 2 ). VO was found to be significantly associated with relatively high Charlson comorbidity scores (P<0.001), high American Society of Anesthesiologists (ASA) stages (P=0.0.025), low PLR (P=0.013), and long operation times (P=0.004) ( Table 3) .
Univariate and multivariate analyses of variables associated with peritoneal metastasis
The chi-square test was subsequently used to evaluate the relationship of clinical characteristics with peritoneal metastasis. Univariate analysis identified the VFA (P<0.001), Charlson score (P=0.016), PLR (P<0.001), NLR (P=0.001), tumor size (P<0.001), vascular invasion (P<0.001), lymphatic invasion (P=0.004), invasion depth (P<0.001), tumor stage (P<0.001), and operation time (P=0.032) to be significantly correlated with peritoneal metastasis (Table 4 ). These factors were subsequently included in the multivariate logistic regression analysis to identify the independent risk factors for peritoneal metastasis. As shown in Table 5 , PLR (OR=2.197, P=0.001), invasion depth (OR=4.330, P=0.009 for T2; OR=4.489, P=0.009 for T3), vascular invasion (OR=2.328, P=0.002), and VFA (OR=4.027, P<0.001) independently predicted the presence of peritoneal metastasis.
Derivation of the scoring system
We then used the independent risk factors identified on multivariate logistic regression analysis to establish a scoring system for the accurate prediction of peritoneal metastasis. To establish this, we calculated a risk score for each identified factor via logarithmic transformation and multiplication by 100 (Table 5 ) and summed these values to determine the combined score. The ROC analysis revealed that the combined score had a better predictive accuracy for peritoneal metastasis (ie, a larger AUC), compared with the individual scores (AUCs: combined score, 0.779, 95% CI=0.735-0.824; PLR, 0.600, 95%CI =0.536-0.664; T3, 0.538, 95%CI =0.472-0.603; T4, 0.592, 95%CI =0.529-0.655; vascular invasion, 0.659, 95%CI =0.599-0.719; and VFA, 0.696, 95% CI=0.612-0.781) ( Figure 2B ).
Discussion
Peritoneal metastases from GC are usually associated with poor prognosis. 3 As patients with peritoneal metastasis may not benefit from gastrectomy and regional lymphadenectomy alone, accurate preoperative diagnosis is essential in determining optimal treatment using an individualized treatment strategy. According to a recent study, the global overweight or obese population has surpassed the underweight population in numbers for the first time. 17 Notably, China has the largest number of overweight people (more than 89.6 million in 2014). 17 In the literature, obesity is usually determined using the BMI, which is easily calculated. However, in this study we used the VFA, which is a novel factor reflecting the body fat composition. In our cohort, patients with peritoneal metastases from GC had a significantly higher VFA relative to patients without metastasis. However, the two groups did not differ in terms of BMI. This finding was consistent with our previous observation that VFA was superior to BMI as an obesity index predictive of the risk of post-operative complications in those undergoing abdominal surgery (eg, postsurgical gastroparesis syndrome). 15 Based on these findings, we aimed to determine the relationship between VO and peritoneal metastases. The general lack of consensus regarding the definition of VO made it difficult to choose a VFA cutoff value in our study. Using ROC curve analysis, we defined VO using a VFA cutoff value of 91 cm 2 , which was similar to the ≥94 cm 2 value we had used to define VO in our previous work. 15 Using this cutoff, 43.5% of patients in our cohort were found to have VO. Our study is the first to demonstrate that these patients with undetected obesity are more likely to develop peritoneal metastasis, compared to their non-obese counterparts. We further confirmed VO to be an independent risk factor for peritoneal metastases on multivariate logistic regression analysis.
Pathophysiologically, the link between VO and an increased risk of peritoneal metastasis may be best explained by the adipokine-cancer and insulin-cancer hypotheses. In an obese person, the adipose tissue is thought to remain in a state of low-grade chronic inflammation. This tissue generates reactive oxygen species (ROS) with mitogenic and potentially tumorigenic constituents in low concentrations. 18, 19 Additionally, in a comparison of visceral and subcutaneous adipose tissue volumes, a greater adipose tissue mass or volume was found to correlate with higher serum levels of pro-inflammatory cytokines. 20 This chronic elevation of systemic pro-inflammatory cytokines and ROS levels may promote tumorigenesis and tumor progression. 20 It is known that patients with metabolic syndrome have a higher incidence of cancer. 21 Accumulating evidence also suggests that insulin resistance and the metabolic effects associated with obesity are risk factors for cancer development. In patients with insulin resistance, reduced tissue sensitivity to insulin results in hyperglycemia and hyperinsulinemia. Consequently, chronic hyperinsulinemia promotes the secretion of insulin-like growth factor (IGF)-1 and reduces the production of IGF binding proteins, which further increases the circulating levels of IGF. Through its receptor, IGF activates downstream signaling pathways with mitogenic, proangiogenic, and anti-apoptotic effects, 22 all of which enhance cell proliferation and promote tumor development and metastasis. In contrast to the expected results, we observed that viscerally obese patients had a significantly lower PLR, compared to non-obese patients, whereas no statistical correlation was observed between VO and NLR. However, consistent with our previous results, 23 we identified PLR to be an independent risk factor for peritoneal metastases. This suggests that adipokine-related cancers may occur as a result of chronic inflammation due to local inflammatory cells, rather than by systemic inflammation. However, further studies are needed to explore this mechanism in detail. In our cohort, patients with VO were older than their non-VO counterparts. This is consistent with previous observations that the body fat content increases with age. 24 It also demonstrates that this relative increase in fat greatly reduces insulin sensitivity. 25 In addition to age, we investigated the significance of several tumor characteristics, such as tumor size, histopathological differentiation, vascular invasion, lymphatic invasion, and depth of invasion, to improve the diagnostic accuracy of our scoring system for peritoneal metastases.
Although the initial univariate analysis identified all factors except histopathological differentiation to be associated with peritoneal metastasis, subsequent multivariate analysis identified only vascular invasion and depth of invasion to be independent risk factors for this condition. This implies that more invasive tumors are more likely to metastasize, as vascular invasion and serosal breakthrough would enable tumor cells to travel through the circulation or be directly implanted on the peritoneum.
Finally, we designed a predictive scoring system that collectively considered the VO, PLR, invasion depth, and vascular invasion in each case, and performed a combined ROC analysis to determine whether this system had improved the diagnostic accuracy for peritoneal metastasis. The combined score demonstrated an AUC of 0.779, with higher sensitivity (75.9%) and specificity (68.0%), compared to the individual scores. These findings therefore concluded that this preoperative scoring system could be useful for diagnosing peritoneal metastasis. Several researchers had previously constructed systems to predict peritoneal metastasis. One group reported a specificity and sensitivity of 78.3% and 88.5%, respectively, for a predictive equation including tumor size, tumor stage, lymph node invasion, and histological differentiation as predictor variables. 26 However, as all the variables were tumorspecific, the equation did not reflect the patient's general condition. Although another study 27 successfully used a combination of the levels of lysyl oxidase, carcinoembryonic antigen, carbohydrate antigen (CA) 724, CA-199, and CA-125 to predict peritoneal metastasis with a sensitivity of 91.30%, the application of this system was hindered by the cost and rarity of lysyl oxidase detection. Although the results of our present and previous studies are similar, 23 the present study was the first to investigate the relationship between VO and peritoneal metastasis. Our results indicate that VO is an indispensable predictor of peritoneal metastasis. Despite the useful findings, the present study had some notable limitations. First, it included a small sample size, as only 87 patients were diagnosed with peritoneal metastasis. Second, although ROC curves are appropriate for establishing VO cutoff values, a standardized cutoff value is not available. Finally, this was a retrospective study. This scoring system should therefore be tested further in a prospective study, which should include prognostic analysis.
Conclusion
This study is the first to determine the relationship between VO and peritoneal metastasis from GC. VO was found to be an independent and significant predictor of peritoneal metastasis. A scoring system combining VO, PLR, invasion depth, and vascular invasion status considerably improved the accuracy in predicting peritoneal metastasis, compared to each factor alone. This economical and convenient new scoring system may be a useful tool in predicting peritoneal metastasis in the clinic. Moreover, it is likely to play an important role in individualizing treatment for patients with GC having no metastases on imaging. 
